01/18 HON 14:42 FAi 3562 3521 



od.-ajima patent 



4300 



Japanese Patent Application Laid-Open (Kokai) 



No. Hei 10-145896 



Laid-Open Date 



May 29, 1998 



Application Number 



8-309948 



Application Date 



November 7, 1996 



Inventors 



E. Itarai et al. 



Appl icant 



KABUSHIKI-KAISHA DANA 



JAPAN (phonetic) 



Title of the Invention: { 

OTIC-HOLE-TYPE HEARING AID AND ITS FABRICATION METHOD 

[Abstract] 
[Object] 

To prevent a user from having a pain even if the front 
end portion of the shell of an otic-hole-type hearing, aid 
contacts a bone-portion external acoustic meatus and improve 
the acoustic performance. 
[Constitution] 

The front-end portion of the shell of an otic-hole-type 
hearing aid is formed with a soft top shell made of a soft 
member. A portion contacting the soft-portion external 
acoustic meatus is formed with a hard shell to store 
electronic-circuit components so that the electronic-circuit 
components are not damaged due to deformation of the shell. 
Even if the bone-portion external acoustic meatus is moved 
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and deformed due to movement of a jaw, the soft top shell 
deforms while following the movement. Therefore, the 
cuticle of the bone-portion external acoustic meatus is not 
pressed and thus, a user does not have a pain. Sound 
leakage is prevented by the sealing effect of the soft top 
shell and moreover, the spatial volume of the external 
acoustic meatus is decreased. Therefore, the acoustic 
performance is improved. 

i 

What is claimed is: 

1. An otic-hole-type hearing aid used by inserting the 
almost whole or the whole of a hearing aid into an external 
acoustic meatus, comprising a hard shell portion for storing 
a microphone, a receiver, electronic-circuit components, and 
a battery and being made of a hard member and a soft shell 
portion connected to the front end portion of the hard shell 
portion to conduct the sound sent from the receiver, serving 
as a sound sealing portion, and being made of a soft member 
contacting a bone-portion external acoustic meatus. 

2. An otic-hole-type hearing-aid fabrication method 
comprising the steps of injecting an impression material 
into an external acoustic meatus, hardening the material, 
and.then extracting it from the external acoustic meatus; 
cutting out a portion necessary as a shell from the hardened 
impression material, forming a female die on the basis of 
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the cut-out impression material; injecting a soft shell 
material into a portion corresponding to the bone-portion 
external acoustic meatus at the front end portion of the 
female die to harden the material; injecting a hard shell 
material into the female die to harden only a portion 
contacting the surface of the shell; and taking out the not- 
hardened portion of the hard shell. 
[Detailed Description of the Invention] 
[0001] ( 

LField of the invention] 

The present invention relates to a hearing aid, 
particularly to an otic-hole-type hearing aid in which the 
front end portion of a hearing aid used by inserting it into 
an external acoustic meatus is constituted with a soft 
member and its fabrication method. 
[0002] 

[Related art] 

A hearing aid has been continuously developed to 
decrease the size and improve the performance. In the case 
of a custom hearing aid individually fabricated in 
accordance with the user, the trend of downsizing and 
performance improvement has been further remarkable in 
recent years. Figure 4 is an illustration showing the state 
in which a conventional general custom hearing aid is 
inserted into an external acoustic meatus. In this case, 
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consideration is made so that the from end portion of a 
hearing aid does not reach a bone-portion external acoustic 
meatus. Therefore, as shown in Fig. 5, even if the bone- 
portion external acoustic meatus moves and deforms, the 
shell of the hearing aid (chassis for storing the electronic 
circuit and acoustic components of the hearing aid) does not 
contact the bone-portion external acoustic meatus. 
[0003] 

As shown in Fig. 6, i the entire hearing aid is 
fabricated so that it can be stored in the external acoustic 
meatus because a battery, transducer (microphone or 
receiver), and electronic-circuit components are downsized. 
Moreover, because the hearing aid is downsized and thereby, 
the front end portion of the hearing aid can be further 
approached to an eardrum, the spatial volume of the external 
acoustic meatus is decreased and a superior performance can 
be acoustically obtained. To realize these matters, it is 
necessary to make the front end portion of the shell of the 
hearing aid reach the bone-portion external acoustic meatus 
port ion. 
[0004] 

In this case, however, attention must be paid to the 
fact that there is a problem due to the structure of an 
auris externa. Figure 7 shows sectional views of general 
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auricle and auris externa. A soft-portion external acoustic 
meatus is the so-called skin and has a proper hardness and 

flexibility. Because a bone-portion external acoustic 
meatus is constituted with a bone as shown by the name, it 
is hard and its surface is covered with a skin. Because a 
cuticle has a sharp algesthesia, when a hard foreign matter 
contacts the cuticle and the cuticle is held between the 
foreign matter and a bone, a user has a strong pain. As 
shown in Fig. 8, the bone-portion external acoustic meatus 
moves and deforms synchronously with movement of a mouth or 
jaw. Then, as shown in Fig. 9, when the bone-portion 
external acoustic meatus is moved and deformed due to 
movement of a jaw, the shell and the bone-portion external 
acoustic meatus strongly contact each other and thereby, a 
user has a strong pain. 
[0005] 

To avoid the above phenomenon, a shell has been 
machined so far so as to entirely thin the front end portion 
of the shell. However, when the front end portion of the 
shell is thinned, it is impossible to avoid that the 
acoustic performance deteriorates because the spatial volume 
of an external acoustic meatus increases and moreover, it is 
impossible to prevent sounds from leaking at the front end 
portion of the shell. 
[0006] 
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Therefore, it has been attempted to form a shell with a 
soft material. However, because a soft shell is easily 
deformed, when the shell is deformed, internal electronic 
components are damaged or wiring is disconnected. Therefore, 
the service life of a hearing aid having the soft shell 
becomes shorter than that of a conventional hearing aid and 
thereby, it is difficult to practically use the hearing aid 
having the soft shell. 
[0007] 

t 

[Problems to be solved by the invention] 

In the case of an otic-hole-type hearing aid whose 

front end portion is formed so as to reach a bone-portion 
external acoustic meatus and in which a receiver is made to 
approach an eardrum and the spatial volume of the external 
acoustic meatus is decreased, it is necessary to prevent a 
user from having a pain even if the shell contacts his bone- 
portion external acoustic meatus, prevent sounds from 
leaking from the front end portion of the shell, and improve 
the acoustic characteristic. 
[0008] 

[Means for solving the problems] 

To solve the above problems, in the case of the present 
invention, the shell of a soft-portion external acoustic 
meatus portion in which electronic components are stored is 
formed with a hard shell same as a conventional shell and 
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the shell of a bone- P ortion external acoustic meatus portion 
is formed with a soft shell made of a soft material so that 
a user does not have a pain even if his bone-portion 
external me atus is deformed due to movement of his jaw. By 
effectively covering the external acoustic meatus with a 
soft member, the space of the external acoustic meatus is 
decreased so that a receiver can be approached to an eardrum 
to improve the acoustic characteristic. Thereby, a pain due 
to contact of the shell with the bone-portion external 
acoustic meatus is prevented, sound leakage is prevented, 
and electronic-circuxt components are protected at the same 
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[Embodiments of the invention] 

The invention of claim 1 of the present invention is an 
otic-hole-type hearing aid used by inserting the almost 
whole or the whole of the hearing aid into an external 
acoustic meatus, comprising a hard shell portion made of a 
hard member serving as a portion for storing a microphone, a 
receiver, and electronic-circuit components and contacting a 
soft-portion external acoustic meatus; and a soft shell 
portion made of a soft member serving as a portion for 
conducting sounds from a receiver and sealing sounds and 
contacting a bone-portion external acoustic meatus; wherein 
a user does not have a pain even if the bone-portion 
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external acoustic meatus is deformed and the acoustic 
characteristic is improved because the space of the external 
acoustic meatus is decreased by the soft shell portion and 
an eardrum and the receiver are approached to each other. 
[0010] 

The invention of claim 2 of the present invention is a 
fabrication method comprising the steps of injecting an 
impressing material into an external acoustic meatus and 
then, extracting the material from the external acoustic 
meatus after it is hardened; cutting out a portion necessary 
as a shell from the hardened impression material; forming a 
female die on the basis of the cut-out impression material; 
injecting a soft shell material into a portion of the front 
end portion of the female die contacting a bone-portion 
external acoustic meatus and hardening the soft shell 
material; injecting a hard shell material into the female 
die and hardening only a portion contacting the surface of 
the shell; and cutting out a not-hardened portion of the 
hard shell material; wherein a soft top shell whose front 
end portion is made of a soft material can be easily formed. 
[0011] 

(First embodiment) 
• figure 1 is an illustration showing an embodiment of an 
otic-hole-type hearing aid of the present invention. The 
otic-hole-type hearing aid of this embodiment is fabricated 
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by forming the shell of a soft-portion external acoustic 
meatus portion in which electronic components and the like 
are stored as a hard shell same as a conventional one and 
forming the shell of a bone-portion external acoustic meatus 
portion as a soft shell. Because the front end portion of a 
shell is formed as a soft shell, this shell is referred to 
as soft top shell. By using the above structure, a pain due 
to contact of the shell with the bone-portion external 
acoustic meatus is prevented and electronic-circuit 
components can be protected by the hard shell at the same 
t ime. 
[0012] 

The front end portion is formed with an elastic soft 
material such as soft acrylic resin or urethane resin. Even 
if a bone-portion external acoustic meatus is deformed due 
to movement of a jaw, a soft shell deforms by following the 
deformation of the meatus and therefore, the soft shell does 
not press the cuticle of the bone-portion external acoustic 
meatus. However, the soft shell closely contacts the 
cuticle so as not to leak sounds by covering the bone- 
portion external acoustic meatus. Moreover, the soft shell 
has a hardness for occupying the space of the bone-portion 
ext<ernal acoustic meatus and maintaining the volume so that 
the sound of a receiver is effectively transferred to an 
eardrum. To transfer the sound of the receiver, it is 
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possible to form a hole on the soft shell or embed a pipe in 

the soft shell. 

[0013] 

At a portion of a shell contacting a soft-port external 
acoustic meatus, a hard shell is formed by using a material 
not easily deformed such as hard plastic. The hard shell 
stores a microphone, a receiver, a battery, and electronic- 
circuit components. Electronic-circuit components may be 
disconnected or deteriorated due to an external force. 
Therefore, the hard shell uses a hard material not easily 
deformed so that an external force is not applied to 
internal components. Because the hard shell only contacts 
the soft-portion external acoustic meatus, it does not 
receive a strong external force due to movement of a bone 
when it is used. Moreover, because the soft-portion 
external acoustic meatus is soft and free from bones, a user 
does not have a pain due to the hard shell. 
[0014] 

By using a material having a high affinity for the 
joint between soft and hard shells, the joint well gets to 
fit and is bonded when forming the shells. Therefore, even 
if the soft shell receives an external force when it is used, 
the- joint is not separated. Moreover, because the hard 
shell is hard enough compared to the soft shell, it is not 
deformed due to deformation of the soft shell. 
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[0015] 

(Second embodiment) 

Figures 2 and 3 show an embodiment of a method for 
forming the soft top shell of an otic-hole-type hearing aid 
of the present invention. Sof t-t op^shel 1 forming steps can 
be divided from the first to sixth steps. Therefore, these 
steps are described below by referring to Figs. 2 and 3. 
[0016] 

First step: Figure ( 2 is a schematic view showing a case 
of sampling impressions of the external acoustic meatus of a 
hearing-aid user in order to form the shell of a custom 
hearing aid corresponding to the hearing-aid user. Because 
an impression material has a low viscosity before hardened, 
sponge' or cotton (tampon) is used as a stopper for the 
impression material so that the material does not reach up 
to the eardrum of a user when injecting the material. The 
impression material is injected into his external acoustic 
meatus by an injector referred to as a syringe provided with 
no needle. Because the impression material is hardened as 
time elapses, it is extracted from his external acoustic 
meatus when the material is hardened up to a proper hardness. 
[0017] 

The embodiment from the second to fifth steps is 
described below by referring to Fig. 3. 
C0018] 
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Second step: A portion necessary as a shell is cut out 
from the impression. Then, a female die is formed on the 
basis of the portion by using silicon or dental-technique 
agar. Steps to this point are the same as those for forming 
r *ne shell of a conventional custom hearing aid. 
[0019] 

Third step: A soft shell material is injected into a 
portion corresponding to the portion at the front end 
portion of the female dip where the shell contacts the bone- 
portion external acoustic meatus of a user to harden the 
material. 
[0020] 

Fourth step: Then, a hard shell material is injected 
into the female die to harden only a portion contacting the 
surface of the shell. The soft shell material and the hard 
shell material are locally mixed each other at the boundary 
between them and bonded. 
[0021] 

Fifth step: By reversing the female die and taking out 
a portion in which the hard shell material is not hardened, 
a soft top shell is completed. 
[0022] 

■ Sixth step: A hole for conducting the sound of a 
receiver is formed on a soft shell, a microphone, a receiver, 
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and electronic-circuit components are stored in a hard shell 
to seal them, and a space for storing a battery is formed. 
[0023] 

[Advantages of the invention] 

As described above, in the case of the present 
invention, by forming the front end of a shell of an otic- 
hole-type hearing aid as a soft shell, a user does not have 
a pain due to the shell even if his bone-portion external 
acoustic meatus is deformed due to movement of his jaw. 
Moreover, because his external acoustic meatus is closed by 
a hard shell and the soft shell, sounds do not leak. 
Furthermore, because the volume of the space of his external 
acoustic meatus is decreased by the soft shell and a 
receiver further approaches his eardrum, an acoustically 
superior performance is obtained. Furthermore, because 
electronic-circuit components are protected by the hard 
shell, the components are not disconnected or deteriorated. 
[0024] 

Furthermore, because a top shell can be formed by 
continuously injecting a soft shell material and a hard 
shell material into a female die obtained from one 
impression and hardening the materials, the fabrication 
process is simplified. 
[Brief Description of the Drawings] 
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Figure 1 is an illustration showing the first 
embodiment of the present invention, in which the soft top 
shell structure of an otic-hole-type hearing aid and a 
contact state with a shell when a bone-portion external 
acoustic meatus moves (deforms) while the hearing aio 
operates are shown; 

Figure 2 is an illustration showing the step of 
sampling impressions for fabricating a custom hearing aid; 

Figure 3 illustrate^ the second embodiment of the 
present invention, in which soft-top-shell forming steps are 
shown ; 

Figure 4 is an illustration showing the structure of a 
general ear-insert ing-type custom hearing aid and an 
operating state of the hearing aid; 

Figure 5 is an illustration showing the* structure of a 
general ear-i nser t i ng- t ype custom hearing aid and a state 
when a bone-portion external acoustic meatus moves (deforms) 
while the hearing aid operates; 

Figure 6 is an illustration sowing the structure of an 
optic-hole- type custom hearing aid and an operating state of 
the hearing aid; 

Figure 7 is an illustration showing the cross section 
of an ear of a user when the user opens his mouth by approx. 
1 cm ; 
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Figure 8 is an illustration showing the cross section 
of an ear of a user when the user closes his mouth; and 

Figure 9 is an illustration showing the structure of an 
otic-hole-type custom hearing aid and a contact state with a 
shell when the bone-portion external acoustic meatus of a 
user moves (deforms) while the hearing aid operates. 
[Description of symbols] 

l...Hard shell, 2. . -Soft shell, 3. Impression material, 

4. Impression material ^topper, 5. Microphone, 

6. .. Receiver, 7. . . Amplifier, 8. . . Battery, 10. . . Soft-portion 

external acoustic meatus, 1 1 ... Bone-port ion external 

acoustic meatus, 12. . . Eardrum 

[Designation of Document] Drawing 

Fig. 1 

l...Hard shell, 2. . . Soft shell, 5. .. Microphone, 6. . . Receiver, 
7. . . Amplifier, 8.. .Battery, 9. ..Auricle, 10... Soft -port ion 
external acoustic meatus, 1 1 ... Bone-port ion external 
acoustic meatus, 12... Eardrum 
Fig. 2 

3. Injected impression material, 4. Impression material 
stopper, 9. ..Auricle, 10. . . Sof t-por t i on external acoustic 
meatus, 1 1. .. Bone-port ion external acoustic meatus, 
12.-. . Eardrum 
Fig. 3 
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a) An unnecessary portion of an impression is cut off., b) A 
female die is formed on the basis of an impression and a 
soft shell material is injected into the front end of an 
external acoustic meatus to harden the material., c) A hard 
shell material is injected to harden only the surface., d) A 
soft top shell is completed by reversing a female die and 
taking out a not-hardened hard shell material., e) Completed 
top soft shell 
Fig. 4 ^ 

l...Hard shell, 5. . . Mi crophone, 6. .. Receiver, 7. Amplifier, 
8. ..Battery, 9. ..Auricle, 10... Soft-portion external 
acoustic meatus, 1 1 . . . Bone-port i on external acoustic meatus, 
12. . . Eardrum 
Fig. 5 

l...Hard shell, 5. Microphone, 6. . . Recei ver, 7. . . Ampli f ier, 
8... Battery, 9... Auricle, 10... Soft-portion external 
acoustic meatus, 1 1 ... Bone-port i on external acoustic meatus, 
1 2. . . Eardrum, a) A structure is used in which, even if the 
bone-portion external acoustic meatus moves (deforms), it 
does not contact the shell. 
Fig. 6 

l-.-Hard shell, 5. .. Microphone, 6. Receiver, 7. . . Ampl i f i er, 
8.... Battery, 9. ..Auricle, 10. ..Soft-portion external 
acoustic meatus, 1 1 ... Bone-port ion external acoustic meatus, 
12. . . Eardrum 
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Fig. 7 

9... Auricle, 10. Soft-port ion external acoustic meatus, 

11. . . Bone-portion external acoustic meatus, 12. . . Eardrum 
Fig. 8 

10. Soft-port ion external acoustic meatus, 11... Bone- 
portion external acoustic meatus, 1 2. .. Eardrum, a) The bone- 
portion external acoustic meatus moves. 
Fig. 9 

l...Hard shell, 5. Microphone, 6. .. Receiver, 7. . . Ampl i f i er , 

t 

8. ..Battery, 9. .. Auricle, 10. .. Soft-port ion external 
acoustic meatus, 1 1 ... Bone-port ion external acoustic meatus, 

12. Eardrum, a) Example of assumed contact between shell 
and bone-portion external acoustic meatus portion 
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